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gives 


U = 


W 2 L 
2 AE 


(6.2) 


Since the work of the external force W AL/2 is by the definition equal to the elastic 
strain energy given by Eq. (6.2), it follows by equating the two quantities, that 


A L = 


WL 

AE 


(6.3) 


This formula is recognized by many analysts and practitioners throughout the en¬ 
gineering world. 


THEORY OF CASTIGLIANO 

It should be noted that Eq. (6.3) can be used in all cases where the external force is 
applied gradually. Also the algebraic transformation leading to the formula points 
to the possibility of utilizing the concept of the elastic strain energy in calculating 
the deflections. Indeed Eq. (6.3) defines the elongation of a bar of uniform cross 
section, and it can be obtained by differentiating the energy expression, Eq. (6.2), 
with respect to W, on the premise that the other terms in the equation are constant. 
This elementary observation is of special importance to practical stress analysis and 
dates back over 100 years, to the ingenious work of Castigliano [8, 9]. 

Suppose that a force W is applied to an elastic body giving a displacement Y, 
as shown in Fig. 6.1. The work done by the external force W is equal to the area 



Fig. 6.1 Load-deflection relation for Castigliano’s theory. 



